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In a prospective, multicenter study of 342 blood samples from 187 patients with systemic inflammatory
response syndrome, sepsis, or neutropenic fever, a new commercial PCR test (SepsiTest; Molzym) was
evaluated for rapid diagnosis of bacteremia. The test comprises a universal PCR from the 16S rRNA gene, with
subsequent identification of bacteria from positive samples by sequence analysis of amplicons. Compared to
blood culture (BC), the diagnostic sensitivity and specificity of the PCR were 87.0 and 85.8%, respectively.
Considering the 34 BC-positive patients, 28 were also PCR positive in at least one of the samples, resulting in
a patient-related sensitivity of 82.4%. The concordance of PCR and BC for both positive and negative samples
was (47 � 247)/342, i.e., 86.0%. In total, 31 patients were PCR/sequencing positive and BC negative, in whom
the PCR result was judged as possible or probable to true bacteremia in 25. In conclusion, the PCR approach
facilitates the detection of bacteremia in blood samples within a few hours. Despite the indispensability of BC
diagnostics, the rapid detection of bacteria by SepsiTest appears to be a valuable tool, allowing earlier
pathogen-adapted antimicrobial therapy in critically ill patients.

Bloodstream infection is a life-threatening condition with a
high mortality rate, especially in intensive care and neutro-
penic patients (5, 19, 35, 38). Pathogenic bacteria are the most
frequent causes of bloodstream infection, although fungi can
also be isolated in a minority of patients (7, 17, 21, 32, 34).
Currently, inoculation of blood cultures (BC) is the standard
method for microbiological diagnosis of bloodstream infec-
tions. However, the limitations of BC include relatively low
sensitivities and a long time-to-result for detection and iden-
tification of the pathogen, generally over 2 days, and even
longer for fastidious organisms (13, 20, 27).

In contrast, DNA-based procedures may offer faster and
more reliable diagnoses (3, 30). PCR amplification of micro-
bial genes, followed by detection of amplified products by gel
electrophoresis or real-time PCR monitoring using fluorescent
dyes or target-directed fluorescent probes, is a quick process
allowing pathogen detection within a few hours (18). Iden-
tification of microorganisms can be performed by PCR al-
gorithms, taxon-specific oligonucleotide microarrays, or se-
quencing amplicons (30).

PCR amplification of conserved regions of the bacterial
genome, in particular the 16S rRNA gene, combined with
sequence analysis is a well-established technique for the

identification of bacterial pathogens (18). The main advan-
tages of targeting the 16S rRNA gene are the broad range of
pathogens detectable and the independence of this method
from the in vitro viability of strains (6). The high sensitivity of
detection by PCR of bacterial DNA (15) suggests its use in the
diagnosis of bacteremia (16). Initial disadvantages of PCR,
notably the incidence of false-positive results from bacterial
DNA contaminating PCR reagents (4, 39), have been counter-
acted by the development of purification methods (12, 28) and
the availability of commercial products (22).

We present here a prospective, multicenter study investigat-
ing blood samples from patients with suspected bloodstream
infections by a new, commercial, universal 16S rRNA gene-
based PCR assay (SepsiTest; Molzym, Bremen, Germany)
combined with sequence analysis of the amplicon for the iden-
tification of pathogens. The results obtained were compared to
standard BC diagnostics.

MATERIALS AND METHODS

Study population. The study was performed as a prospective, multicenter
study at three hospitals belonging to the University of Ulm, Ulm, Germany, in
the Departments of Medicine, Pediatrics, and Surgical Intensive Care between
September and November 2008 and the Merheim hospital of the city of Cologne,
Germany, in the Department of Operative Intensive Care from January to
November 2008. Criteria for inclusion of patients in the study were intensive care
unit (ICU) patients with systemic inflammatory response syndrome (SIRS) or
sepsis (Ulm and Cologne), hematology/oncology patients with fever (�38.5°C)
and neutropenia (neutrophils � 109 liter�1), or patients with other forms of
hereditary or acquired immunodeficiency and fever (Ulm). Within one infectious
episode, subsequent samples were collected up to 16 days from the initial sample.
The study was approved by the ethics committees of the University of Ulm and
the University of Cologne, and informed consent was obtained from all patients
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or parents of patients as appropriate. For ICU patients, informed consent was
obtained post hoc.

Blood samples. Blood samples for PCR comprised 9 ml in EDTA from Co-
logne and 5 ml (adults) or 1.4 to 2.5 ml (children) in citrate from Ulm (Sarstedt,
Nümbrecht, Germany). Blood for culture was obtained from the same venipunc-
ture or catheter blood samples. For adults, 20 ml was inoculated into a pair of
aerobic and anaerobic BACTEC Plus/F BC bottles (Becton Dickinson, Heidel-
berg, Germany); for children, 3 to 5 ml of blood was inoculated into BACTEC
PED bottles (Becton Dickinson). Samples were sent for PCR from the local
laboratory to the central study laboratory in Bremen within 2 days. BC were
incubated at the local laboratories in automated BACTEC 9240 systems for up
to 7 days. Cultured bacterial isolates were identified by standard microbiological
methods.

DNA isolation. As advised by the manufacturer, DNA was extracted and
isolated from 1-ml duplicates of whole-blood samples (in children, single 1-ml
samples only were drawn) using the SepsiTest kit. The kit includes a protocol for
the lysis of human cells and degradation of the released human DNA by a
DNase. Pathogenic cells are then concentrated from the blood lysate and treated
with a reagent (BugLysis and �-mercaptoethanol) that hydrolyzes the cell walls
of any bacteria and yeasts. Pathogenic DNA is then bound, washed, and eluted
into 100 �l. Eluates were stored at �20°C until PCR. DNA isolation was per-
formed in a HEPA-filtered hood, decontaminated daily by UV radiation, and
strictly separated from PCR processing.

PCR analysis. In addition to the DNA extraction reagents, the SepsiTest kit
contains the reagents for the PCR, including Mastermix, DNA-free water for
negative controls, DNA for positive controls, and detection reagents for agarose
gel electrophoresis. The protocol for PCR and amplicon detection was as advised
by the manufacturers. For each set of samples analyzed, negative and positive
(Staphylococcus aureus DNA, 190 fg/�l; extraction using the PrestoSpin D kit
[Molzym]) controls were included. For the detection of amplicons, agarose gel
electrophoresis was performed. A sample was considered PCR positive if at least
one of the duplicates, if available, was positive. Internal controls (SepsiTest)
routinely run with all sample extracts excluded inhibition of the PCRs in all
samples.

Sequence analysis. All amplicons (�450 bp) were purified (Qiaquick; Qiagen,
Hilden, Germany) and sequenced (GATC, Constance, Germany) using the se-
quencing primers (SeqGP16, SeqGN16) supplied in the SepsiTest kit. Identifi-
cation of pathogens was performed by using the online search BLAST tool (1).
Genus and species identification was presumed in samples with sequence iden-
tities of �97 and �99%, respectively, to reference sequences of strains in the
database. Samples with weak bands in the gel electrophoresis, but no sequencing
result were judged as negative.

Interpretation of PCR and clinical data. Patients with positive PCR results but
negative BC were classified into patients with “probable to true bacteremia,”
“possible bacteremia,” or “indeterminate PCR result.” “Probable to true bacte-
remia” was assigned if (i) a bacterial species or genus that was detected by PCR
was also cultured from a specimen other than blood within 5 days before or after
obtaining the blood sample or (ii) the species detected was a typical causative
pathogen of the clinical scenario and no other causative pathogen was detected.
“Possible bacteremia” was assigned if a species was detected by PCR that rep-
resents a common pathogen or known contaminant in BC but was not detected
in any other microbiological cultures from that patient. An “indeterminate PCR
result” was assigned if a rare or nonpathogenic species was detected by PCR that
showed no correlation with other culture results.

Statistical analysis. Calculation of significance was performed by using the
Wilcoxon signed rank test. A P value of �0.05 (two tailed) was considered
significant.

RESULTS

Study population. The study included 342 blood samples
from 187 patients (173 adults and 14 children younger than 18
years), all corresponding to single infectious episodes. Among
the study population, 148 patients (79.1%) were ICU patients
fulfilling the criteria for SIRS or sepsis and 39 patients (20.9%)
were hematological patients with neutropenic fever. Of the 342
samples, BC was positive in 54 samples (15.8%) from 34 pa-
tients. Of these 54 samples, 47 were also PCR positive. Among
the 288 BC-negative samples, a positive PCR result was ob-
tained in 41.

PCR results in BC-positive samples. Compared to BC sam-
ples, the diagnostic sensitivity and specificity of the PCR were 87.0
and 85.8%, respectively. Considering the 34 BC-positive patients,
28 were also PCR positive in at least one of the samples, resulting
in a patient-related sensitivity of 82.4%. The concordance of PCR
and BC for both positive and negative samples was (47 � 247)/
342, i.e., 86.0%. Species and genera detected in the 47 samples by
BC and PCR are shown in Table 1. Among the samples, 43 were
matched at the species level by BC and PCR, and the others were
matched at the genus level (2 Streptococcus spp. and 2 Staphylo-
coccus spp.). The incubation time of BC until positive detection in
the automated BACTEC system was evaluable in 66 BC bottles
(Table 1). The mean time to positivity (TTP) was 19.2 h (range,
6.7 to 58.4 h).

The seven samples that were positive by BC but negative by
PCR included four BC positive with Staphylococcus epidermi-
dis, two with Escherichia coli, and one with Streptococcus oralis
and E. coli. In two of the patients with S. epidermidis bactere-
mia (U456 and U480), only one of three and four BC, respec-
tively, revealed a positive BC result after a comparably long
incubation time in the BACTEC system (33.7 and 40.9 h,
respectively), suggesting a low concentration of S. epidermidis
in the blood samples (Table 1). However, when we compared
the TTP between all BC-positive PCR-positive and BC-posi-
tive PCR-negative samples for which the TTP data were avail-
able (Table 1), the difference was not statistically significant
(for PCR-positive samples, mean TTP � 19.0 h; for PCR-
negative samples, mean TTP � 21.2 h [P � 0.67]).

PCR results in BC-negative samples. Of the 288 BC-nega-
tive samples, positive PCR results were obtained in 41 samples
from 31 patients. Accordingly, the resulting detection rate of
PCR (25.7%) was higher than BC (15.8%).

In 11 of 12 patients classified as “probable to true bacte-
remia” (see Materials and Methods), bacterial species iden-
tical to the species detected by PCR were cultured from
other body sites (Table 2). Among the species identified
were E. coli (patients U444 and U525), coagulase-negative
staphylococci (patients K49, K64, K95, K105, and U507), S.
aureus (patients K10 and K92), Klebsiella pneumoniae (pa-
tient K99), and Raoultella planticola (patient K44). In pa-
tient U516, suffering from pneumonia, Streptococcus pneu-
moniae was detected by PCR.

In a group of 13 patients, classified as “possible bacteremia,”
bacterial species were detected by PCR that are common
pathogens or contaminants (10) in BC but were not found in
cultures from other body sites in these patients. Eight of the
thirteen patients received broad-spectrum antimicrobials be-
fore sampling (Table 2).

In the last group of six patients, classified as “indeterminate
PCR result,” uncommon or nonpathogenic bacterial species
were detected by PCR. These included Pseudomonas fluore-
scens (patient K58), Aeromonas veronii (patient U455), and
Petrobacter spp. (patient K40).

Detection of mixed infections. Polymicrobial growth was ob-
served in four samples from three patients by BC (7.4% [4 of
54 samples]). In three of these four samples, at least one of the
causative species was also detected by PCR (Table 3). In the
unidirectional sequencing reaction of the SepsiTest kit, two
sequencing primers, SeqGN16 and SeqGP16, are used that
generally differentiate between gram-negative and gram-positive
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organisms. By PCR, two bacterial species were detected in 11
samples from nine patients (Table 3). In comparison to the cor-
responding BC results in BC-positive patients, additionally de-
tected species by PCR mainly included obligate anaerobes, such
as Propionibacterium and Veillonella spp., and species that are
frequently found as contaminants. The overall rate of mixed in-
fection detected by PCR was 12.5% (11 of 88 samples).

DISCUSSION

16S rRNA gene-based broad-range PCR is a promising tool for
rapid diagnosis of bloodstream infection and several different
protocols and systems have been evaluated (9, 11, 23, 25, 29, 31;
for a review, see reference 2). Most studies used a general
amplification step, followed by hybridization with probes or mi-
croarrays to discriminate between higher taxonomic levels or se-
quencing of the amplicon. The diagnostic performances of these
in-house assays varied considerably (for a review, see reference
18). For instance, in a study with 48 newborns admitted to the

ICU with suspected sepsis, the PCR detection assay with sequenc-
ing of a limited number of samples revealed a diagnostic sensi-
tivity of 66.7% and a specificity of 87.5% (26). In another study,
PCR and hybridization probes differentiating between gram-pos-
itive and gram-negative taxons to detect bacteremia in 548 blood
samples from newborns (14) resulted in a sensitivity and specific-
ity of 96 and 99.4%, respectively. Recently, 16S rRNA gene-based
PCR and sequencing of samples from 459 hospitalized patients
resulted in a sensitivity and specificity of 74.2 and 99.6%, respec-
tively (25). The heterogeneity of the assay systems with concom-
itant variability of results and the need for a standardized test for
routine use in clinical settings prompted us to evaluate a new
commercial system, SepsiTest.

The test comprises a combination of whole-blood sample
preparation and universal 16S and 18S rRNA gene detection
of bacteria and fungi, respectively. Human blood cells are lysed
and the released human DNA degraded, followed by a bind-
wash-elute procedure for the isolation of pathogen DNA. The

TABLE 1. Species spectrum and TTP of positive blood cultures

Patient Species detected by
blood culture

Mean TTP in h (range)a
No. positive BC/no.

of BC sampledd
Aerobic BC bottle Anaerobic BC bottle

Samples with positive PCR result
K91 Acinetobacter baumannii,

Klebsiella pneumoniae
NA NA 1/2

U454 Escherichia coli 18.9/51.4 20.6/Neg 2/3
U519 Escherichia coli 9.1 (8.1–10.9) 11.9 (10.4–14.8) 3/3
K12 Escherichia coli NA NA 1/1
U473 Listeria monocytogenes 14.3 (12.7–15.4) 14.8 (14.1–15.2) 3/3
K16 Propionibacterium acnes NA NA 1/2
U436 Staphylococcus aureus (MRSA)b 13.4 15.5 1/3
U477 Staphylococcus aureus 17.9 (15.8–19.7) 24.7 (15.8–31.7) 4/4
U515 Staphylococcus aureus 40.6 Neg 1/3
U524 Staphylococcus aureus Neg 29.0 (28.0–31.0) 3/3
K104 Staphylococcus aureus NA NA 1/1
U472 Staphylococcus capitis 34.5 Neg 2/3*

Staphylococcus epidermidis 32.2 58.4
U461 Staphylococcus epidermidis Neg/Neg/22.4 23.1/18.9/Neg 3/3
U500 Staphylococcus epidermidis 19.1 18.4 1/1
U502 Staphylococcus epidermidisc 11.5 (11.2–11.9) 11.0 (10.4–11.5) 3/3
U517 Staphylococcus epidermidis 14.6/15.3 13.1/15.8 2/2
U522 Staphylococcus epidermidis 11.9/15.5 10.9/13.9 2/3
K9 Staphylococcus epidermidis NA NA 1/1
K26 Staphylococcus epidermidis NA NA 1/1
K47 Staphylococcus epidermidis NA NA 1/1
K61 Staphylococcus epidermidis NA NA 1/1
K62 Staphylococcus epidermidis NA NA 2/2
K65 Staphylococcus epidermidis NA NA 1/1
K86 Staphylococcus epidermidis NA NA 1/2
U486 Staphylococcus haemolyticus 28.8/34.8 Neg/20.4 2/2
U428 Streptococcus oralis 9.4 10.6 2/3*
U465 Streptococcus oralis, other alpha-

hemolytic streptococci
7.9 8.7 1/2

Samples with negative PCR result
K17 Escherichia coli NA NA 1/1
K36 Escherichia coli NA NA 1/2
U472 Staphylococcus epidermidis Neg 24.7 2/3*
U456 Staphylococcus epidermidis 33.7 Neg 1/4
U480 Staphylococcus epidermidis 40.2 Neg 1/3
U496 Staphylococcus epidermidis 15.9 15.8 1/2
U428 Streptococcus oralis, Escherichia coli 11.4 6.7 2/3*

a NA, not available. Neg, negative.
b MRSA, methicillin-resistant S. aureus.
c The third sample also includes E. faecalis.
d *, the other positive sample is shown in the lower/upper part of the table.
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new sample extraction procedure has recently been used suc-
cessfully in combination with real-time PCR tests for the de-
tection of pathogens in BC bottles (8) and of S. aureus, as well
as the staphylococcal mecA gene in native blood samples from
patients with suspicion of bloodstream infection (37).

In the present study, we analyzed the performance of this
system to detect bacteremia in 342 blood samples from 187
critically ill patients. The sensitivity and specificity of the test
exceeded 85%. However, the conventional parameters used
for the evaluation of new diagnostic tests, such as the sensitiv-
ity, specificity, and positive and negative predictive values, do
not appropriately reflect the quality and usefulness of a new
PCR test, since there is no defined reference for evaluation of
the new test. BC has been most widely used as a “gold stan-
dard” for statistical evaluation of new PCR tests, and we there-
fore include these parameters to compare with other studies.
However, PCR can detect more cases of bacteremia than cul-
ture, since it can detect the DNA of nonviable microorganisms
(28). Thus, we also calculated the concordance, both positive
and negative, of PCR and BC, which was 86.0%. In general, it
appears more appropriate to correlate PCR results not only
with BC but also with other microbiological cultures and clin-
ical data from the patients, as shown for PCR-positive but
BC-negative patients in Table 2. Among the 88 PCR-positive
samples, 41 samples from 31 patients were BC negative. Most
of the PCR-positive, BC-negative patients classified as “prob-
able to true bacteremia” or “possible bacteremia” (17 of 25)
received antimicrobial substances before blood sampling. This
suggests that the bacterial species detected by PCR may have
been nonviable and thus not detectable by culture.

In 7 of 54 BC-positive patients the PCR result was negative.
This may have been caused by a low concentration of the
bacteria in the blood samples, indicated by a long TTP in two
patients (Table 1). In addition, in the samples positive for S.
epidermidis, contamination of the BC during inoculation into
the bottles cannot be excluded.

Mixed bloodstream infection occurs in 4 to 8% of patients
(18, 24; our unpublished data). In the present study, polymi-
crobial infections were detected in 7.4% of patients by BC. In
a previous study using a multiplex PCR system (33), multiple
species were detected in 13% of patients (2 of 15). In the

present study using the same sequencing primers, SeqGN16
and SeqGP16, of the SepsiTest kit, a comparable rate (12.5%)
was found. Other species found by PCR included mostly obli-
gate anaerobes, which might have failed to grow in the BC, or
species that can be regarded as contaminants. Cells of these
species might have been present in the blood sample at low
concentrations or may have been nonviable in culture. Never-
theless, contamination of the blood sample used for PCR anal-
ysis cannot be excluded.

Timely identification of the causative pathogen is important
for adequate antimicrobial therapy of septic patients. The Sep-
siTest can be completed within 4 h, including �2.5 h of
hands-on time for sample preparation and PCR analysis. The
test can be performed by any personnel who have been trained
to perform molecular diagnostic assays, particularly standard
DNA isolation using column-based methods and PCR. The
mean time of incubation until positive signaling by the auto-
mated BC system was 19.2 h, which is comparable to that
reported elsewhere (36). The PCR analysis can be performed
within a working day and provided information on the infec-
tious state of patients earlier than almost 70% of the BC in the
present study. Definitive identification of detected pathogens
by PCR requires, however, sequencing of the amplicon. Taken
together, the time spent on amplicon purification, sequencing
using modern, fast-cycle sequencing systems, and data analysis,
identification can be performed within 3 to 4 h. However, if
external sequencing services have to be used, longer turn-
around times may make definitive identification of limited use.
Nevertheless, in patients with infections caused by fastidious
isolates or in cases where blood samples can only be obtained
after initiation of antimicrobial therapy, even a next-day PCR
result can be valuable.

In conclusion, we evaluated a new commercial test system,
SepsiTest, which detects 16S rRNA gene by PCR and identifies
any organism by sequencing the PCR product from the whole
blood of patients with suspected bloodstream infection. The
results obtained by the PCR test correlated well with those
from BC. The test exhibited an acceptable rate of presumed
false-positive results. Despite the higher costs of molecular
diagnostics compared to standard BC (SepsiTest costs 217 U.S.
dollars for duplicate analysis of one sample), the PCR test

TABLE 3. Patients with detection of mixed infection by BC or PCR

Patient/sample
Organism(s) detected by:

BC PCRa

K91/b K. pneumoniae, A. baumannii K. pneumoniae
U428/b S. oralis, other alpha-hemolytic streptococci
U428/c S. oralis, other alpha-hemolytic streptococci, E. coli Streptococcus spp., Leptotrichia spp.
U465/b S. oralis, other alpha-hemolytic streptococci Streptococcus spp.
K16/a P. acnes E. faecalis, Propionibacterium spp.*
K99/a K. pneumoniae Klebsiella spp., S. epidermidis
U454/b E. coli E. coli, Streptococcus spp.
U454/c E. coli E. coli, Streptococcus spp.
U461/d S. epidermidis S. epidermidis, P. acnes*
U502/c S. epidermidis S. epidermidis, Veillonella spp.
K16/b S. aureus, Propionibacterium spp.*
K91/a S. epidermidis, Corynebacterium spp.
K101/a Edwardsiella spp., Serratia spp.
K105/a A. lwoffii, S. epidermidis

a *, P. acnes and other Propionibacterium species were identified by sequencing using SeqGN16 (primer for gram-negative organisms).
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offers several advantages, notably higher diagnostic sensitivity
by detection of nonviable pathogen cells and a shorter total
assay time. Thus, SepsiTest should provide a useful supple-
mental method in the diagnosis of sepsis. Further studies are,
however, needed to confirm SepsiTest’s usefulness as a diag-
nostic tool with respect to patient outcome and costs. In addi-
tion, the suitability of SepsiTest for detection of pathogenic
fungi should be evaluated in further studies.
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22. Mühl, H., A.-J. Kochem, C. Disqué, and S. G. Sakka. 2009. Activity and
DNA contamination of commercial polymerase chain reaction reagents for
the universal 16S rDNA real-time polymerase chain reaction detection of
bacterial pathogens in blood. Diagn. Microbiol. Infect. Dis. doi:10.1016/
j.diagmicrobio.2008.07.011.

23. Nadkarni, M. A., F. E. Martin, N. A. Jacques, and N. Hunter. 2002. Deter-
mination of bacterial load by real-time PCR using a broad-range (universal)
probe and primers set. Microbiology 148:257–266.

24. Nicolson, G. L., R. Gan, and J. Haier. 2003. Multiple coinfections (Myco-
plasma, Chlamydia, human herpesvirus-6) in blood of chronic fatigue syn-
drome patients: association with signs and symptoms. APMIS 111:557–566.

25. Rantakokko-Jalava, K., S. Nikkari, J. Jalava, E. Eerola, M. Skurnik, O.
Meurman, O. Ruuskanen, A. Alanen, E. Kotilainen, P. Toivanen, and P.
Kotilainen. 2000. Direct amplification of rRNA genes in diagnosis of bacte-
rial infections. J. Clin. Microbiol. 38:32–39.

26. Reier-Nilsen, T., T. Farstad, B. Nakstad, V. Lauvrak, and M. Steinbakk.
2009. Comparison of broad range 16S rDNA PCR and conventional blood
culture for diagnosis of sepsis in the newborn: a case control study. BMC
Pediatr. doi:10.1186/1471-2431-9-5.

27. Reimer, L. G., M. L. Wilson, and M. P. Weinstein. 1997. Update on detection
of bacteremia and fungemia. Clin. Microbiol. Rev. 10:444–465.

28. Rothman, R. E., M. D. Majmudar, G. D. Kelen, G. Madico, C. A. Gaydos, T.
Walker, and T. C. Quinn. 2002. Detection of bacteremia in emergency
department patients at risk for infective endocarditis using universal 16S
rRNA primers in a decontaminated polymerase chain reaction assay. J. In-
fect. Dis. 186:1677–1681.

29. Ruppenthal, R. D., F. de Souza Pereira, V. V. Cantarelli, and I. S. Schrank.
2005. Application of broad-range bacterial PCR amplification and direct
sequencing on the diagnosis of neonatal sepsis. Braz. J. Microbiol. 36:29–35.

30. Schrenzel, J. 2007. Clinical relevance of new diagnostic methods for blood-
stream infections. Int. J. Antimicrob. Agents 30S:S2–S6.

31. Schuurman, T., R. F. de Boer, A. M. D. Kooistra-Smid, and A. A. van Zwet.
2004. Prospective study of use of PCR amplification and sequencing of 16S
ribosomal DNA from cerebrospinal fluid for diagnosis of bacterial menin-
gitis in a clinical setting. J. Clin. Microbiol. 42:734–740.

32. Shigei, J. T., J. A. Shimabukuro, M. T. Pezzlo, L. M. de la Maza, and E. M.
Peterson. 1995. Value of terminal subcultures for blood cultures monitored
by BACTEC 9240. J. Clin. Microbiol. 33:1385–1388.

33. Vince, A., S. Z. Lepej, B. B. Barsic, D. D. Dusek, Z. Mitrovic, R. Serventi-
Seiwerth, and B. Labar. 2008. LightCycler SeptiFast assay as a tool for the
rapid diagnosis of sepsis in patients during antimicrobial therapy. J. Med.
Microbiol. 57:1306–1307.

34. Vincent, J. L., Y. Sakr, C. L. Sprung, V. M. Ranieri, K. Reinhart, H. Gerlach,
R. Moreno, J. Carlet, J. R. Le Gall, and D. Payen. 2006. Sepsis in European
intensive care units: results of the SOAP study. Crit. Care Med. 34:344–353.

35. Vincent, J. L., and E. Abraham. 2006. The last 100 years of sepsis. Am. J.
Respir. Crit. Care Med. 173:256–263.

36. Wellinghausen, N., B. Wirths, A. R. Franz, L. Karolyi, R. Marre, and U.
Reischl. 2004. Algorithm for the identification of bacterial pathogens in
positive blood cultures by real-time LightCycler polymerase chain reaction
(PCR) with sequence-specific probes. Diagn. Microbiol. Infect. Dis. 48:229–
241.

37. Wellinghausen, N., D. Siegel, S. Gebert, and J. Winter. 2009. Rapid detec-
tion of Staphylococcus aureus bacteremia and methicillin resistance by real-
time PCR in whole blood samples. Eur. J. Clin. Microbiol. Infect. Dis.
doi:10.1007/s10096-009-0723-7.

38. Wisplinghoff, H., T. Bischoff, S. M. Tallent, H. Seifert, R. P. Wenzel, and
M. B. Edmond. 2004. Nosocomial bloodstream infections in US hospitals:
analysis of 24,179 cases from a prospective nationwide surveillance study.
Clin. Infect. Dis. 39:309–317.

39. Yamamoto, Y. 2002. PCR in diagnosis of infection: detection of bacteria in
cerebrospinal fluids. Clin. Diagn. Lab. Immunol. 9:508–514.

VOL. 47, 2009 PCR DETECTION OF PATHOGENS IN WHOLE BLOOD 2765


